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Paul B. Anderson
Consulting Geologist

728 Th'ird Avenue
Salt Lake City, Utah

(801 )-363-1412

March 9, 1 990

Mr. Deane H. Zeller, District Manager
Salt Lake District Office
U.S. Bureau of Land Management
237O South 2300 blest
Salt Lake City, Utah 941 t9

RE: Comments on USGS study proposa'l for the Bonnev.i lle Salt Flats
dated January 1 g, 1 9gO.

Dear Mr. Zel'ler:

Thank you for th.is opportun.ity to comment on the currentproposa'l f rom the USGS.

There appears to be a h'igh l'ikelihood that any decisionconcerning the Bonnevi'l le Sa]t Flats management wi I I be contestedlegally. The design of the study efforts should keep this factin mind, and perhaps the BLM should seek legal advice early inthe process of the study design. specifical'ly, r offer the
fo'l 'lowi ng comments:

Objecti ves

As I menti oned i n i,he Techni cal commi ttee's f i rst rneeti ng, Iwould encourage the BLM to try to get more specific about thekind of information needed to aid in making po] icy dec.isions.For example, how much sa'lt is present now and in the past? How
much salt (or brine) leaves the boundaries of the study areaduring a given t'ime period? where does it go? what are therates of removal? what are the mechanisms for remova'l?

The objectives of the present study proposal wi'l I provide
answers to many or perhaps a] I of these hypothetical questions.
If a list of specific questions which the BLM needs answered is
deve'loped at the beginning of the study, it wi'l'l help in guiding
the USGS in the'ir work and avoid m'isconceptions between what th;
BLM thought they were going to receive and what they end up withat the end of the study.

Lines (1979, WSp 2OS7 ) states, "Future study or monitoring
on the Salt-Flats should be keyed to remedial measures that might



be imp'lemented to resolve the conf I ict between uses. " Since thisis not part of the present objectives, r assume that Lines'definitions of the conflicts between users is not adequate andthat any study of remedial measures to resolve conflicts willfol low after the present study is comp'leted?

Plan of Study - Task 1

Under this section I would recommend that after a review ofreferences and existing data, a summary be produced wh'ich
spec'if ies which of the objectives (or questions) have been
answered by previous work so a dup'l ication of effort is carefullyavoided. rf some of the previous workers' conclusions lack
substance, the reasons for such a determination should be
descri bed.

Task 2

I have concerns about us'ing LANDSAT to accomp'l ish this task.
My experience w'ith utah weather tells me that wind "storms"
rarely last more than 24 hours. r am not fami'l iar with the
tempora1 coverage of LANDSAT but question whether numerous imagesin short t'ime periods are availab]e. r feel the idea of ohototracking movement of the pond water across the sa]t flats is agood one, it is the methods which cause concern. perhaps new
coverage us'ing IR aerial photography would be more effective.

Task 3

As part of this exercise, p'lease consider running asensitivity analysis on the effect of fluid density oi the brine.r am curious as to the impact this wil] have on head. rf theimpact is very slight, or h,'ithin the margin of anticipated errorfor the f inal model , perhaps a 3-D f low mode'l (without solutetransport) wi'l I answer the objectives of the study.

Li nes ( 1979 ) showed, through scrapi ng studies, that ha'l i teis deposited on the top surface of the playa during episodes ofevaporation (discharge). The potentiometric surface of theshallow brine aquifer is below the'land surface during most ofthe seasonal discharge from the aquifer. t{.i ll the use of asaturated solute transport model have trouble modeling changes inbrine chemistry which take place in the unsaturated zone?

2



Task 7

Mr. Coltharo mentioned that there are o1d pvc p'iezometers
laying on top of the sa'lt surface and he believes they wereinstalled by Lines during his study. rf the piezometers to beinstalled during this study are to'last more than a few years.it
seems a new methodology for insta'l 'lation must be developed.

Task 9

In order to access how man-made stresses are related to the
qua'l ity of the racing surface, a control area seems essential .Pilot va] ley is a reasonab'le choice. Lines did 'look at pilot
Va'l'ley hydro'logy but made no observations about surface
morpho'logy changes in Pi'lot val'ley wh'i 1e conducting such
observati ons on the Bonnevi 'l I e raceway. p'i I ot Val ]ey p]aya i snot a precise analogy to Bonneville but should be looked at in
terms of a "best case" ana'logy for natural perturbations to
surface morphology.

Task 12

A1 I results from the modeling
of error factors. As mentioned in
concerns about mode'l'ing the large
sha'l low brine aquifer. This wi I l
solute transport model .

study must have an exp'lanation
our last meeting, I have

f ractures which ex'ist in the
be particularly important in a

Summary

The usGS is certa'in'ly we] 'l qua'l ified to perform the study
and has assembled an exce'l 'lent team to work on the project. Thefunds are'low for the work necessary to provide good answers tothe study objectives.

Thank you for this opportunity to comment.

Si ncerel y,

Z"rcLZ-
Paul B. Anderson
Consulting Geologist
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March 13, 1990

Mr. Steve Brooks
Bureau of Land Management
Salt Lake District Office
2370 South 2300 West
Salt Lake City, Utah 84119

Dear Steve:

Thank you for inviting me to be a member of the Technical Review Team for the
Bonneville Salt Flats Study. Please find attached my review of the U.S.G.S. study plan
dated l/18/90. As I mentioned on the telephone, I will be able to attend the committee
meeting scheduled for 1:00 p.m., March 23,1990. I look forward to meeting you there.
If you have any queries prior to our meeting please contact me at one of the following
phone numbers:

581-3864 (campus office)
487-0178 (home office)

Craig B. Forster
Researctr Assistant hofessor

Department of Geology and Geophysics

College of i\tines and Earth Sciences
;17 W. C. Browning Buildtng

Salt Lake City, Utah 841 12'1 183
(801) 581-7162

FAX U of U Mines and Earth Sciences
(80t) 581-5560



EFFECTS OF BRINE WTITIDRAWALS ON TFIE HYDROLOGIC SYSTEM
OF THE BON}.IEVN T.P SALT FLATS AREA, UTAH

REVIEW OF STUDY PI-AN DATED IIISPO
Craig Forster

(3/r3l%)

The objectives of the proposed study plan are reasonable and appropriate. The overall plan
to determine the relative importance of facors that control rernoval and supply of salt in the
Bonneville salt flats area seems to be a good way of cvaluating the impact of brine
extraction on conditions at the racetrack. Factors to be considered in the study include
surface processes (salt ransport by wind and surface water) and subswface processes (salt
transport in saturated and unsaturated regions of the groundwater flow system).

Proposed studies of LANDSAT imagery and aerial photography are likely to provide good
insight into the changing character of the ground surface through time and may help to
evaluate the relative importance of salt transport by wind and surface water. This approach;
however, will not provide quantitative estimates of the mass of salt in transit at any
particular time and may require considerable commitment of manpower and resources to
prepare and perform the comparative srudies alluded to in the proposal. Constructing and
monitoring "traps" to collect wind and water borne salt might augment the proposed image
studies. In addition, on-the-ground observations (direct visual observation and/or
unattended camera recording) might help to quantify the relative importance of processes
acting at the glound surface.

Proposed numerical modeling of the large-scale groundwater flow system is likely to
provide the estimates of depth-to-water and solute concentration that will be needed to
estimate conditions at the lower boundary of the unsaturated zone. Although simulating the
saturated groundwater flow system alloris the connection between brine eitraction and'salt
transport in the shallow subsurface to be evaluated, insuffrcient documention has been
provided to evaluate the ability of HST3D (I have a copy of the documentation for the
Konikow and Bredehoeft model) to handle the proposed modeling srudy. An overview of
the scale of the problem to be modeled and the associated initial boundary value problem
should be included in the detailed plan of study. 

. 1 ,..,..

Aquifer testing has been proposed; presumably to provide the hydraulic data needed t" I^ty. [gq-.IJ
calibrate and constrain the saturated groundwater flow model. Given the wealth of pre- 

^ -#\* $P\
existing hydraulic testing results in the study area, it would seem that little would be gained l|,'.. u: .v <),
by carrying out additional pumping tests. The need for additional testing might best be
evaluated after at least one year of data collection and synthesis is completed. My
expectation; however, is that plans to perforrn pumping tests can be eliminated.

Although plans to study processes controlling salt transport at the ground surface and in
the saturated zone are addressed in reasonable detail, the current proposal provides little
information on plans to characterize salt transport and accumulation in the unsaturated zone.
Brine extraction might modify the processes of salt transport by (l) changing the moisture
conditions that control evaporation-driven transport in the unsaturated zone and by
modfying the likelihood for wind and water scouring of salt from the ground surface and
by (2) influencing solute concentration and rate of delivery of salt through ttre saturated
zone to the overlying unsaturated zone. Because the character of the unsafurated zone is
likely subject to large seasonal fluctuations, it seems appropriate to consider longtcrm,
continuous (and interrnittent) monitoring of processes acting in the shallow subsurface.
One approach might involve sening up one or more observation stations, each contlining
the following instrumentation :



l) a piezorncter nest equipped with electronic pressure transducen to measure vertical
head gndients below the water table and to provide access for collecting water samples
for chemical analyses

2) tensiometen equipped with electronic prcssure transducen to measure vertical head
gradients above ttre water able

3) a neuron access tube for intemrittent logging of vertical variations in moisturp
content

4) soil moisture instrumentation for continuous monitoring of soil moisture contont

5) suction lysimeten to collect fluid samples for chemical analyses

6) designated location for repeated measurernent and characterization of salt cnrst

7).designated locations for repeated collection of shallow cores to detennine changes in
mineralogy and mass of salts precipitated in the pore space

Continuous recording of information should be initiated as soon as possible, wherever
possible. Because the shallow subsurface is likely to be highly dynamic, all measurements
must be assessed in the context of the range of variabilily obierved on both daily and
seasonal timescales.

Although.I li\e the idea of modeling geochemical flow paths and reactions, insufficient
documention has been provided to evaluate the abiliry of SNORNA to handle the proposed
modeling study.

Recommendations

1. Provide a detailed outline of anticipated expenditures and manpower commitment.
Because I am unfamiliar with personnel costs in ihe USGS, I would like to see both dollar
estimates and person-hour estimates in the final budget proposal. My initial reaction is that
insufficient manpower and resources have been alloc-ateil to carry ouf the plans alluded to in
the current proposal.

2. Consider postponing, and possibly eliminating, plans for additional aquifer tesring.

3. hovide detailed documentation for numerical models to be used in the study (HST3D
and SNORM) and clarify how the models will be applied

4: Consider a- greale_r emphasis on collecting and synthesizing the data needed to
characterize and model salt transport processes occurring in shallow regions of the flow
system (i-e.,extending from the ground surface to perhap-s 10 meters bel6w the minimum
water table elevation).
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March 8. 1990

Mr. Deanne Zel1er
District Manager
Salt Lake District 0ffice
Bureau of Land Management
237O South 2300 West
Salt Lake City, Urah 84119

Dear Mr. Zeller:

In response to your letter of January 24,1990, w€ are
submitting comments concerning the preliminary draft of the
study plan proposed by the U.S. Geological Survey ("USGS") with
respect to the Salt Flats Study which was attached to the
letter of H. L. case. rrr of January 18, 1990. rnasmuch as the
materials furnished to us have been characterized as a
preliminary draft, we would ask that you also accept these
comments as being preliminary. when the final draft of the
study has been prepared we would request the opportunity to l
provide further comments to the extent they appear appropriate
based upon any changes made between the preliminary draft and a
final draft.

A ONts|on of Rorlly lnduslnss, Inc

These comments are su]:mitted on behalf of
("Rei1ly") and they represent the position of
upon the preliminary information that has been

General Comments.
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Reilly Industries
the company based
provided.

ofIn prior correspondence we have identified to the Bureau
Land llanagement ("BLM") our concern with regard to the
conclusions the BLM has apparently reached with respect to
conditions on the salt F1ats. The BLM position is reflected
the tone of the paragraph identified by the usGS as "problem"

IN



Mr. Deanne Ze11er
March 8, 1990
Page 2

inasmuch as the charactetization of the problem assumes thatthere has been a reduction in salt thickness and also assumesthat there have been stresses on the hydrologic system. Reillywould prefer to characterize the "scopl" of fn. siudy as anattempt to quantify the hydrologic and georogic happenings inthe area of the salt Flats rather than assttme the rlsurt.Rearistically, Rei1ly believes that the scientific position
wourd be to determine if a problem rea11y exists rather thanassume the conclusions of the study. rn order to accomplish '
these purposes, we would suggest tirat changes need to be madein the scope of- the report and in its title. Therefore, wewould suggest that the study could be captioned "Bonnevillesalt crust study" and Ehe word "prob1em" could be changed to"scope." The characterization oi the scope of the study courdalso be changed to reflect these comments.

From the information provided to Rei11y and from theprevious contacts with the usGS. it appeari that the boundariesof the study area sti11 have not been hefined. llhile werecogni.ze that the boundaqies might fluctuate based upon datacollected, it appears to Iieilly itrat some definition of theboundaries should be included within the study plan. Theextent of those boundaries could have a signiiicant impact onReilly's comments as well as Reirly's acceptance of th;credibility of the srudy.

The scope of the study also needs to clearly articulate theextent of the examination of the physical and cfiemical balancethat will occur during the study. in reading the currentparagraph defining !h. problem, it is not clear that the studywill include an analysis of the chemi_caI make up of the systemas well as the physical existence of the system. Reilrybelieves all of these factors are important to an adeguatestudy.

rn adcition to the :-f .rms ment-icned above, Rei11y alsobelieves that the study should include an eval,uation of thedynamics of the hydrologic system. rn this analysis, Reillybelieves that one critical eiement that is lacking i; the
measurement of surface elevation both historically and duringthe conduct of the study. Such elevations to be relevant wouldneed to be compiled for the entire area of the study and wourdneed to be measured on a regular and consistent basis in orderto obtain valid data on thii particular issue.

e
I
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Mr. Deanne Zeller
March 8, 1990
Page 3

Specific Comments.

Problem.

rn addition to the general comments made above, we believe
that specific changes should be made in the paragraph captioned
"prob1em. " we believe the "scope" paragraph- shoird- include anindication that the study will evaluate all impacts on the saltcrust not iust the effects of mining. Therefore, the first
sentence should be changed by adding references to the
evaluation of the potential effects of mining, racing and
climatic effects such as temperature! season, wind,precipitation, water levels and surface water.

Obj ectives .

The objectives section should have as its first objective:
1. Adequate evaluation of past data.

Reirly is deepry concerned that the usGS should conduct a
thorough review of existing data. A determination should
then be made either validating the existing data or
identifying the data as deficient with some analysis as tothe reason for the deficiency. The sart Flats have been
the subject of numerous technical evaluations by private
individuals and by governmental agencies. such data should
be carefully collected and evaluated in connection with the
present study by the USGS.

Plan of Study.

Task 1.

In addition to simply reviewing existing literature
pertinent to the study araa, we ricommend that Task I shouLd
include an adequate varidation of the data obtained with some
character|zation as to that validity. rn this regard, the datagathering should not be lirnited to those items referenced in
the Lines Reports and should be expanded to a gathering and
retrieval of data from all relevant sources.

W*Task 2

The definition of the surface ponds should include an
evaluation of the chemistry of such water to the extent
feasible.

'4lY
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Mr. Deanne Zeller
March 8, 1990
Page 4

Task 4.

Reirry will comment in separate correspondence with regard
to the request dated December 26, 1989 regarding data needs.
In that regard Reilly will evaluate relevance to the study
based upon the boundary definition as well as the protection
that can be given to Rei1ly regarding confidentiality. Again,
Reilly is concerned that all data collected pursuant to Task 4
should be collected and then validated or identified as
deficient depending upon the criteria used by the usGS with
respect to such data. Reilly is particurarly concerned that
all sources of data should be carefully evaluated including the
identification of individuals who are knowledgable concerning
the Salt Flats and the identification of other data sources not
coumonly recognized or easily identified.

Task 5

In addition to the items mentioned in Task 5, Reilly
believes all existing benchmarks and other control points
should arso be identified and then field checked during the
s tudv .

Task 6

Once available data has been identi
appears to be desirable to consider an
samples for other chemical constituence
identified in the present description o

fied and reviewed, it
analysis of brine
in addition to those

f Task 6.

Task 7.

Reilly believes that the methods and procedures used in the
past to measure salt thicknesses must be carefully evaluated.
A clear definition of the methods. procedures and criteria to
be usec rn the present study must be carefully defined pr:io" ir;
anJ- field work in performance of this Task.

Task 8.

I
t'
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Rei11y needs to
regarding the impos
adjustment of water
This appears to be
Rei1ly's productive

have clarified the indication in Task 8
ition of stress on the aquifer through the
leve1s in the brine collection ditches.

a task that will impose limitations on 2
capacity and needs to be clarified.
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Reil1y questions the scientific basis of a determinatioH asto what would constitute "an acceptable raceway surface." rtis Reilly's experience that surfate conditions fluctuaterapidry and are difficult to define. Reilly is also aware thatthere have been historical variations in thl amount ofpreparation given to the track by those that administer its

llg. Reil1y is concerned that it will be particularlydifficult to correrate meteorologic, water 1eve1, min!ra1ogic,surface sediment and soil moistuie data with those historicaloccasions during which an "acceptable raceway surface"existed. The performance of this task shouta ue more clearlydefined.

should provide ffi
,r^tj*

flow model will assist in evaluating theracing and climate on the salt crusi.

other sources ) to
a variable density

effects of mining,

Task 13

--Tlr" plan should specify that the quarterly progress reportswill be submitted to the Technical Review CornmitteE memberl atlease two weeks prior to the committee's quarterly meetings toallow for appropriate evaruation prior to discussion at themeetings.

rn addition to the foregoing, Rei11y has concerns withregard to the scheduling and the ability of the usGS to meetthe timetables set forth in the plan. irarticularly, Rei11y isconcerned that the validation of existing data and- theperfcrmance of Tasks I and 4 as s€,t out in the current plan nlayrequi-re more time than is currentry estimated in the plhn andas depicted in the schedule contained on figure 2.

we would be happy to discuss any of the foregoing commentswith you if you so desire.

Very tlitly -youIs , , ,

ft'/'' ;":ti,//
/lonn n. Fendt
U General Manager

["Ku J.. tf$--i tl- ir?" Task L2.
"7' fJV"-
. ^d.-K 

Prior to perf orming Task L2, the USGS
lyJ' ' preliminary information (from Task 3 andV substantiate the apparent conclusion that



proposed

CHARTER
SALT LAKE DlSTRICT

BONNEVILLE SALT FL.\TS
TECHNICAL RE\-IEW COMMITTEE

Bureau of Land Management

1. Official Desiqnation: SaIt Lake District Technical Review
Com.mi-ttee for the Bonneville Salts Flats study.

2. Committee Ob.iectives and Scope: Provide technica-L review and
ad'.-ice to the Bureau of Land Yanaqement District |lanager
regarding the BonnevilLe Salt Flats study to be conducted bf the
Lrrited States Geological Surr.ey. The Bonneville Salt Flats have
been designated as an -{rea of CriticaL Enr-ironmental Concern with
rDa.naqement goals of maintenance and preser.,'ation. The results

;:,]jii!dli-llii;a'I"i1":I:"i' F*--
The

cJmmrttee w l function as an o\ersighl group to help maintainr.fre +"echrrical- integritt-, credibilj.tf-, and ob.iectrr-1,t1'of the sal-t
f iats studl-. Specif ic duties of the committee ai-e to pror-ide
te:hnical rer-iew and adr-ice in the following areas 1) reviewing
tlre BSF Studl- Pl-an and rnaking recommendalions to the District
llanager about. trow the study should be fesigned arrd conducted in
order to attain the desired resu-l-ts; 2 i evaluate studl nethods t,:
determine their suitabilitl- f or attairring ,lesired results; 3 )

pericdica-LLt'reviewing study progress to assure to the extent
pcssible that the studl- is r-ieldinq or wirl l-ielc desired
resul-ts: 4 ) evaluate study resulLs and recornmendel methods,
actions or practices that H'iIl- mi',igate sa-l-t loss and,/or replace
l-ost salt; and 5 ) ser\-e as technicaL experts as needed on behal-f
of the U. s. Bureau of Lanc Manaqe r.ent and GeoloE: ]cai S'lrve5. - , .

-&ft\
3. Period of Time Necessary for the Committee's Activities: l0r)!'Si-nce its functions are related to a specif ic pro;".t ="tr"a"led Jelrfcr completi-on in 1992 the activities of the comnittee u.. SrLAespected to be completed by December 1993. | 4t- \

K'
I . Official to Whom the Committee Reports: Salt Lake DistriLt
llanager, Bureau of Land Management, Ll.S. Department of Interior.

5. Adrninistrative Support: Adrninistrative support f or
activitj-es of the comnittee will be provided by the salt Lake
Distri.ct office. Support will include taking meeting minutes,
copyi-ng, paying necessary travel expenses, and other needs.



A Duties of the Conmi-ttee: At the request
Manager or his designee, the Committee wiIl
anal1-ze and comment on the scope, methodolog
factors associated with the Salt Flats studr
study.

To be eJ-igible
person must be
knowl,edge r or
regarding the
setting anC Lo
studies cf the

f or appo i-ntment to
qualified through

experience to give
salt f'lats h1-droJ-og
provide technica_L
sal-t f'1ats.

of the District
meet periodicalll to
ies, and other
plan and ongoinq

the Committee, a
educaLion, traininEl,
i.nforrned advice
icaL and geological
review and comment on

i . Comnittee's Composition and Qual-ifications: The Committee's
membership shall- consist of members with a scientific background,
chieflr. in the earLh sciences including geoLogt-, hydrologl'r
engineerinq and related fiel-ds. Other considerations include
residence in area, interest, and experience. The committee wiII
comprise 6 to 10 members who are appointed and serve at the
pleasure of the District Manager.

llember Selection and Service:8.

a,

l- Vacancies occurring
or other factors wil
vacatin{ menberts te
original- appcintment

br reason of remo,.'a1
I be filled fcr the
rm in t.he same manne
was made.

. resignation,
balance of the
r in which the

A11 members w111 serve without sal-arl., but wiII be
reimbursed for traveL and per dien e\penses at current
rates f or Gor-ernmenL emplol-ees. shouLd they be required
to be in trar.-el, status.

9. Subcomrnittee's: To facilitate the funct.i.oning of the
conmittee. subcommittee's may be formed tc studl- and develop
recommendation on se-l-ectecl issues, f or cons j deraiion l:y the f ull
Conrmittee. Meetlngs of any Committee or subcommittee shall be
called and conducted in accord with federal and Bureau of Land
llanagement regulations and guidelines.

10. cornmittee officers: h'ith the e>;ception of the first l-earthe Comrnittee will elect a Chairperscn, Vice Chairperson, and
secretatl/recorder from among its members at the first meeting of
each calendar year. The District Manager wilL appoint the Chairperson, Vice Chairperson, and SecretarS,/Recorder the first year.
chairpersons and members of any subcommittees formed wiIl be
appointed by the Comnittee Chairperson r.ith the concurrence of
the District Manager or his designee.

11. Meetines: Meetings of the committee wilr be calred by the
Chairperson, with the concurrence of the District }IanaEer or his
designee.



lleetings of subcommittee's will be caIled by the Committee
charrperson,/vice chairperson after consultation with the
subcommittee chairperson. Yeeting notices will be sent to each
mernber and other interested persons r'hich set forth clearly and
precisely the issues or topics to be discussed and will provide
specific times and places for the neeting. Committee meeting
agendas must be reviern-ed in advance b:' the District l"lanager or
his designee.

12, Committee Records: Detailed ninutes of each meeting,
including recommendations made, and copies of all studies and
reports received. issued r or approved in con.junct j.on with
activities of the Committee and i,ts subcommittee's, wilI be
maintained at the District Office. and with the exception of
corrfidential or propriatary information and USGS interpreti-ve
wc:'k prior to publication. wiII be available for public
inspection and copf ing durirrg re_qular business hcurs.

13. Estimated Operating Ccsts: -{ctivities of the Committee
annually wiIl require an estimated $5,000 (includinq I/4 work
1-ear ) of Federa1 emplol-ee support.

11. Meetin{ Frequencr-: The Commrttee xilL normaIl1'neet
qu:rterly ' but in no case .l-ess than annual--;. -{dditiona-L meetings
mal- be called b1'the District Manager or his designee or
Ctr;:-rperson j.n connection with spe:ial needs.

15. Termination Date: The Comnittee wilt termj.nate four Iears
f rorn the date this chart.er is appror-ed, unless prior to that
ciate. it i-s termi.nated b1- the District Manager or his designee.

16. Authority: Creation of rhe
the Secretary of the Interiors's
adni-nistration of'tire lands and
of Land Yanagement.

Conmittee is in furtherance of
sLatutory responsibilities for

resources manaqed by the Burearr

Di strict I'lanager Date


